T reatm ent o f 5-arylazo-2-thiohydantoins ( 2 a -c ) w ith form aldehyde and th e appropriate am ine in eth y l alcohol led to th e form ation o f the corresponding M annich bases 8 a -i. 2 a-C reacted w ith m eth yl brom oacetate and/or chloroacetic acid to give th e esters 5 a -c and/or th e free acids 5 d -f , respectively, 5 e also obtained b y trea tin g 5 b w ith aqueous sodium hydroxide (2% ). 5 a -c were cyclised w ith acetic anhydride to give th e bicyclic products 6 a -c . 5-A rylidene-2-thiohydantoins (7 a -e ) reacted w ith acrylonitrile in pyridine to give 5-arylidene-3-/?-cyano-ethyl-2-thiohydantoins (8 a -e ). 8 a -c were hydrolysed w ith a m ixture o f acetic-hydrochloric acid to g ive th e corresponding acids 8 f-h . Compounds 8 a, b, d were alk ylated w ith alkyl halides to give lO a -e w hich when hydrolysed w ith acids gave com pounds 13 a -c .
I t was cited in the literature th a t the Mannich bases of 2 -thiohydantoin derivatives were synthe sised and tested as pharmacological active com pounds1*2. Also in this laboratory, 3-N-arylaminomethyl-5-arylidene-2-thiohydantoin 3 were prepared via the above reaction. Recently, M u s t a f a and coworkers4 stated th a t substituted 3-phenyl-5-(diphenylmethyl)-2-thiohydrantoin underwent Man nich reaction and the proton attached to C-5 entered into reaction to give the corresponding derivatives (1 ).
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Our interest was to study the reactivity of the protons attached to the nitrogen atoms as well as to the C-5 of 5-arylazo-2-thiohydantoins (2a-c)5-6, which when treated with formaldehyde and the appropriate amine, the hydrogen atom of the imino group a t position 3 is sufficiently active to take part in Mannich reaction and gave high yields of 3-substituted aminomethyl-2-thiohydantoin deriva tives (3a -i ) . The Mannich bases are yellow in colour, R eq uests for reprints should be sen t to Prof. Dr. A . F . A. S h a u a b y , Chem. D ep t., F a cu lty o f Sciences, Cairo U niversity , Giza, Cairo, E gyp t.
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H N x^N H HNn.c^N-CH2R gave the correct analytical data. The assigned structure for the Mannich bases was favoured by: (a) the finding when the unsubstituted 2 -thio hydantoin was treated with formaldehyde and aniline, 3-phenylaminomethyl-2-thiohydantoin (4) was obtained7, which when treated with a cold solution of o-tolyl diazonium chloride, 3 c was obtained, (b) 3 a regenerated 2 a when refluxed with glacial acetic acid.
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Our study was extended to prepare condensed arylazoimidazothiazolone compounds. When 5-arylazo-2 -thiohydantoin derivatives ( 2 a-c) were treated with methyl bromoacetate on the cold, the corresponding esters 5 a-c were obtained. While the free acids 5 d-f were prepared by treating the corresponding arylazo-2 -thiohydantoin ( 2 a-c) with chloroacetic acid in alkaline medium followed by acidification. Also 5 c was obtained by the hydrolysis of 5b with aqueous sodium hydroxide (2%). Previously we found th a t 5-benzylidene-2-alkylcarboxymethylmercapto-hydantoin was cyclised in acetic anhydride to give the expected 5-arylidene-2,3,5,6-tetrahydroimidazo-2,l-b-thiazole-3,6-dione3. Similarly the compounds 5 a-c were treated with acetic anhydride under the same experimental conditions to give 5-arylazo-2,3,5,6-tetrahydroimidazo-2,l-b-thiazole-3,6-dione (6a-c). The prod ucts obtained are yellow in colour, gave the correct analytical data. The IR spectrum of 6b, which was taken as an example, was characterised by the presence of absorption bands at 1720 cm-1 and 1760 cm-1 due to the presence of the carbonyl groups in the hetero rings. The reaction of 2-thiohydantoin as well as 5-arylazo-and 5-arylidene-2-thiohydantoins with alkylating agents results in the formation of 2 -alkylmercapto derivatives6'8. The corresponding oxygen compounds do not normally react to form 2 -enol derivatives, but undergo alkylation on nitrogen atoms only. While N-3 alkylation of a hydantoin usually proceeds smoothly, N -l substituents cannot be introduced, via the action of alkyl halides in alkaline solution, into a hydantoin having no double bond or aryl group attached to the carbon at 5-position9. Now, when 5-arylidene-2-thiohydantoins (7a-e)8-10, having no substituent on the nitrogen atoms, were treated with excess acrylonitrile in the presence of pyridine led to the formation of 5-arylidene-3-/5-cyanoethyl-2-thiohydantoins ( 8 a-e). On acid hydrolysis of 8 a-c using a mixture of acetic-hydrochloric acid, resulted in the formation of the corresponding acids 8f-h. The assigned structure for the products 8 a-h was given support from the fact th a t they gave the correct analytical values, the infrared spectrum of 8 f, taken as an example, shows absorption bands a t 1710 cm-1 (ring carbonyl group), a sharp band at 1750 cm-1 and a broad band a t 2500-2800 cm-1 (carboxylic acid group) and 3300 cm-1 (-NH). Furthermore when 5-benzal-3-phenyl-2-thiohydantoin (9 a)8 and/or 5-benzal-l,3-diphenyl-2-thiohydantoin (9 b)8 were exposed to cyanoethylation reaction under the same conditions the starting materials were recovered unchanged. The alkylation of (the compounds 8 a, b, d) with methyl iodide and/or ethyl iodide in presence of sodium ethoxide led to the formation of the cor responding 2 -alkyl mercapto derivatives (10a-e). On treating the products (10a, c, e) with HC1 solution at room tem perature till the odour of the alkane thiol could not be detected the corresponding hydantoin derivatives (11 a-c) were separated. The above fact was realized when 5-arylidene hydantoins ( 1 2 a -c ) were treated with acrylonitrile in presence of pyridine, the expected products 11 a -c were obtained.
Acid hydrolysis of 11 a -c using a m ixture of acetic acid and hydrochloric acid, afforded the corresponding free acids ( 1 3 a -c ) .
Ar-HC-C- Experimental Melting points are uncorrected. IR spectra were recorded in K Br pellets on a Beckman DK-4-spectrophotometer.
M annich reaction with 5-arylazo-2-thiohydantoins ( 2 a-c)
General procedure: To a suspension of each of 2 a-c (0 . 0 1 mole) and appropriate amine (0 . 0 1 1 mole) in ethanol (50 ml), aqueous formaldehyde (30%, 1.1 ml) was added. The reaction m ixture was refluxed on water bath 2 hours then kept overnight a t room tem perature. The solid product obtained was crystallised from alcohol (cf. Table I ).
The Mannich-bases 3a-i listed in Table I , are yellow in colour, soluble in 2 % sodium hydroxide and give reddish brown colour with concentrated sulphuric acid.
Action of o-tolyl diazonium chloride on
Mannich-base 4 o-Toluidine (0.0034 mole) dissolved in conc. HC1 (3 ml) and water (3 ml) was cooled to 0 °C and then treated with a cold solution of sodium nitrite (0 . 3 g) in water (3 ml). The diazotised o-toluidine was added gradually to an ice-cold solution of Mannichbase 4 7 (0.0034 mole) in pyridine (30 ml). The reaction m ixture was left acids in a cold chest for 1 h. The product separated was filtered off, washed with water, dried, and recrystallised from alcohol as yellow crystals m .p. 132 °C. I t was proved to be 3 c by melting point and mixed melting point determinations.
Acetic acid hydrolysis of 3 a
A mixture of 1 g of 3 a and 30 ml of glacial acetic acid was refluxed for 15 min. The reaction mixture was allowed to cool and the obtained solid was collected by filtration. I t was crystallised from acetic acid, m .p. 258 °C (yield 0.7 g), and identified as 5-phenylazo-2-thiohydantoin5 by melting point and mixed melting point determination.
Action of methyl bromoacetate on 5-arylazo-
2-thiohydantoin ( 2 a-c)
To each of 2 a-c (0.01 mole) in 0.01 mole sodium ethoxide (prepared from 0.23 g of sodium metal in 50 ml absolute ethyl alcohol) was added methyl bromoacetate (0.01 mole). The reaction m ixture was stirred for 30 minutes and left overnight at room temperature. The obtained solid was collected and recrystallised from acetic acid; 5a crystallised from ethyl-alcohol as yellow crystals (cf. Table II) .
The products 5 a-c gave yellow colour when treated with concentrated sulphuric acid. Action of chloroacetic acid on 5-arylazo-
2-thiohydantoin (2a-c)
To each of 2a-c (0.01 mole) in a m ixture of 2% potassium hydroxide (56 ml) and ethanol (40 ml) was added chloroacetic acid (0.01 mole). The reac tion mixture was refluxed on steam bath for 3 h, then it was left to cool a t room temperature. I t was acidified with dilute hydrochloric acid and the precipitated solid was collected by filtration and recrystallised from ethyl alcohol as yellow crystals 5d-f (cf. Table II) .
Action of sodium hydroxide on 5 b
To l g of 5 b was added 30 ml 2% sodium hydroxide solution and the reaction mixture was left overnight a t room tem perature. I t was acidified with concentrated hydrochloric acid and the separated solid was collected and recrystallised from ethyl alcohol as yellow crystals, m .p. 225 °C (yield 0.7 g). I t was proved to be 5 e by melting point and mixed melting point determinations.
Preparation of 5-arylazo-2,3,5,6-tetrahydroimidazo-
2,l-b-thiazole-3,6-diones (6a-c)
A suspension of each of esters 5 a-c (3 g) in acetic anhydride (40 ml) was refluxed for 4 h. The reaction mixture was allowed to cool and then poured into cold water. The solid product, obtained on de composition of the excess acetic anhydride, was filtered off and crystallized from the proper solvent as yellow crystals of 6 a-c. 6 The products 6 a-c gave deep red colour when treated with concentrated sulphuric acid and the colour was gradually changed into green. 
Cyanoethylation of 5-arylidene-2-thiohydantoins
(7 a-c) Each of 5-arylidene-2-thiohydantoins8'10 (0 . 0 1 mole) was added to a solution of pyridine (50 ml) and water (10 ml) containing arylonitrile (3 ml) and the reaction m ixture was refluxed for 5 h. The reaction m ixture was reduced to half its volume by evaporation and then diluted with water. The solid product, obtained on standing, was filtered off and crystallised from the proper solvent as pale yellow crystals 8a-c (cf. Table III) .
Action of acetic-hydrochloric acid m ixture on 8a-c
A mixture of the appropriate cyanoethyl deriva tive 8a-c (0.01 mole), glacial acetic acid (30 ml) and concentrated hydrochloric acid (37.3%, 10 ml) was refluxed for 4 h. The solution was concentrated to 15 ml by evaporation. The solid residue, obtained on cooling, was crystallised from the proper solvent as pale yellow crystals 8f-h (cf. Table III) .
Attempted action of acrylonitrile on 9 a, b
A mixture of 9 a (or 9b) 0.01 mole and 3 ml acrylonitrile in pyridine (50 ml) and water (10 ml) was refluxed for 4 h, then the reaction mixture was worked up as above and the starting material was recovered almost unchanged (melting point and mixed melting point determination).
Action of alkyl halides on 5-arylidene-3-ß-cyanoethyl-
2-thiohydantoin (8a, b, d)
To each of 8 a, b, d (0.01 mole) in 0.01 mole sodium ethoxide was added the appropriate alkyl halide (0.01 mole). The reaction m ixture was stirred for 30 min and left overnight a t room tem perature. The obtained solid was collected and recrystallised from ethanol, as yellow crystals of 10a-e. The products gave orange red colour with concentrated sulphoric acid (cf. Table IV) .
